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Two fragments of the same tissue placed in identical media do not 
always grow at the same rate.  Therefore, an acceleration or a retarda- 
tion of the rate of growth of a tissue placed in an experimental medium 
cannot be considered as due necessarily to the action of the medium. 
It may be a mere accident.  In order that the differences in the rate 
of growth  of tissues,  placed in media of different composition, may 
be  attributed  to  an  action  of  the  medium,  it  must  be ascertained 
whether these tissues would grow at the same rate, if placed in identi- 
cal  media.  In  the  course  of many  experiments,  it  was  attempted 
to find  the conditions under which two parts  of the same fragment 
of tissue cultivated in identical media would increase with the same 
velocity, and  to  develop a  technique  by which  the increment  could 
be accurately measured. 
1.  Technique for Obtaining  the  Growth of  Two Fragments  of  Tissue 
at the Same Rate. 
It is  already known  that  cultures  of tissues,  made  under  certain 
conditions,  generally grow at  about the same rate?  But in  several 
instances,  it  was  found  that  the  differences in  area  observed  after 
48  hours  reached  20  or  even  50  per  cent.  The  causes  of  these 
variations were carefully investigated and the reason for the inequality 
of the growth could always be discovered.  Progressively,  a number 
of  minute  details  of  the  technique  were  modified  and  improved, 
and  a  method which renders  the growth  of two fragments  of tissue 
more nearly equal was developed. 
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1.  Selection  of the  Tissue.--Connective  tissue cells,  the growth of 
which was the subject of the experiments, were obtained from embryo- 
nic  tissues  and  from  an  old  strain  of fibroblasts.  The growth of 
embryonic tissues is not regular.  Moreover, it is almost impossible 
to cut such fragments in strictly equal parts.  However, the heart 
of chick embryo was found to grow more regularly than other tissues. 
After 48  hours, a  dense ring of fibroblasts has  formed around  the 
original  fragment and  beyond  the  ring  are  scattered fusiform  or 
multipolar cells.  Sometimes a more or less irregular layer of endothe- 
lial cells spreads into the plasma.  If the presence of the peripheral 
ceils is disregarded, and the dense ring of fibroblasts is alone taken 
into consideration, the area of new growth can be measured with some 
accuracy.  The width of this ring of densely packed cells does not 
vary markedly, and  the  uniformity of its  thickness can  easily be 
ascertained.  The growth consists  not only  of  the  migration and 
the multiplication of the cells in the medium, but also of the increase 
in mass of the original fragment.  The increase in  area can easily 
be measured.  But, as the tissue is completely opaque, no apprecia- 
tion  of  its  thickness  can  be  reached.  However,  if  the  fragments 
selected are identical, not only in surface but also in thickness, they 
grow at about the same rate.  This condition may be obtained by the 
following technique: A  heart taken from a  chick embryo about  12 
days old is opened and washed in Ringer solution.  Afterwards, the 
walls of the ventricles are placed on a  glass  plate in a  little Ringer 
solution, and square fragments are cut with a  sharp cataract knife. 
When such a fragment  is bisected, both parts are of the same thickness, 
and if their surface is about equal, they grow at the same rate.  Often 
the limits of the new growth and of the primitive fragment become 
indistinct,  and  this prevents accurate appreciation of the width of 
the growth.  Although the growth of embryonic heart is more regular 
than that of other organs, it is still unfitted for accurate measurement. 
Whenever possible,  a  strain of connective tissue adapted to life in 
vitro  should be employed. 
The tissues are taken from stock cultures of a strain of fibroblasts 
kept for, 9 years in plasma and embryonic juices.  The area of the 
fragment must be about 3 by 5 ram.  As the tissue is not entirely 
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Zones of greater density, where the cells are often necrotic, can be 
detected easily by their complete opacity to transmitted light, and 
they appear as white spots when they are seen by refracted light. 
The cultures showing these local  thickenings are  discarded,  unless 
the area of greater density is symmetrical, and can be divided into 
two equal parts.  It is very much easier to select tissues of uniform 
density when the old strain is used than when the cultures are made 
of embryonic heart.  Another advantage of the  old strain  is  that 
the edges of the  original fragment generally remain visible for  48 
hours, and that the inner and outer limits of the new tissue can be 
recognized.  The  area  of  the  original  fragment  remains  constant 
and the entire growth consists of the ring of new tissue in the medium. 
A third advantage of the old strain of connective tissue is that only 
fibroblasts grow from it.  There are no ameboid cells or layers  of 
endothelial cells, or scattered cells at the periphery of the thick ring 
of fibroblasts.  The outline of the new growth is sharp and can be 
traced easily.  While our experiments were made with a  9 year old 
strain  of fibroblasts,  a  younger strain  can be  used with  the same 
results.  By placing a  fragment of embryonic heart in plasma and 
embryonic juice, and by resecting the peripheral growth of fibroblasts 
when it has become very extensive, and cultivating it again, one can 
obtain an excellent strain of connective tissue.  After ten or twelve 
passages, fibroblasts are practically in pure culture, grow at a regular 
rate, and can be used for a quantitative study of the growth of connec- 
tive tissue. 
2. Preparation  of  the  Tissue.--The  pieces  of  tissue  used  for  an 
experiment always consisted of two or four parts of the same fragment. 
Fragments coming from  different cultures may present  differences 
in activity or in structual conditions which would render the rate 
of growth unequal.  When a  old strain  of  fibroblasts  is  used,  the 
tissue is extirpated from the coagulum by four neat cuts of a  sharp 
cataract knife, made through the peripheral growth.  No part of the 
coagulum not yet invaded by the cells must be left around the tissue. 
If the incisions are not very sharp, the coagulated plasma may become 
folded over the cut edge, or a  tractus of fibrin still adherent to the 
remaining coagulum may produce a dislocation of the fibrin network 
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has  been  severed by  the  knife,  the  edge of the wound  is  slightly 
pushed aside with the blade, in order to make sure that no tractus 
of fibrin has  been left adherent.  After the fragment  is  completely 
detached from the surrounding coagulum, it is taken on  the edge of 
the knife and placed in  Ringer solution.  It  is  examined  again in 
order to make sure that the edges are not folded and that no fragment 
of mica is  adherent  to  the  tissue.  With  the  cataract  knife,  it  is 
divided into  two parts,  as equal as possible.  It  takes a  great deal 
of practice to learn to divide the fragment in the proper way.  If the 
two parts so obtained are not equal in  area and in  thickness, or if 
their edges are dilacerated, they must be discarded. 
3.  Preparation of the Medium.--The preparation of plasma, Ringer 
solution, and tissue juices has already been described.  ~  It was found 
that still more care should be given to  the possible  changes of the 
hydrogen ion concentration of these different substances, and to the 
impurities which may come from the chemicals used in the salt solu- 
tions.  Distilledwater is redistilled in glass, and then its pH is deter- 
mined.  The  purest  chemicals are  used  for  Ringer  solution.  The 
solutions are kept in Pyrex glassware, or in ordinary glass coated with 
paraffin.  The pipettes  are also tested in order to  be sure that  the 
alakalinity of the fluid is not increased by their contact.  The H  ion 
concentration  of  the  serum  and  tissue  extract  may  undergo  pro- 
gressive  changes.  Therefore,  they  should  be  carefully  tested. 
Generally, while the pH of embryonic tissue juice is about 7.2 at the 
time of the preparation,  it drops after a  few days to  6.5,  and if in 
contact with the pulp  remains at that figure for a  long time.  The 
pH of plasma remains constant for several weeks.  There are other 
changes which occur in the course of time in serum, and especially in 
tissue juices and extract, which make them less efficient in promoting 
growth and which are independent of the changes in  the hydrogen 
ion concentration.  It is, therefore, safer not to keep these substances 
for more than a  few days in cold storage. 
4.  Preparation of the Cultures.--The fluids composing the medium 
are placed on the cover-glasses at the same time and thoroughly mixed. 
Plasma should be placed first on the surface of the glass and spread 
over it, and then the other substancess should be added.  This detail 
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insures  against  subsequent  partial  or  total  deLachrnei~t  of  the clot. 
Then  the  tissue fragments  are  taken  from  the  Ringer  solution and 
placed in  the medium.  It is important  that  both media  should  be 
not only of the same composition, but  also of  the  same volume and 
area.  The  growth  of  a  fragment  of  tissue  in  identical  volumes 
of fluid differs when the fluid is spread  at  the  surface of  the cover- 
glass and when it is left in a  thick drop.  In order that both media 
may be spread equally, the cover-glass is put on a  piece of paper on 
which a  circle has been traced.  After the plasma is  dropped on the 
glass, it is spread with the point of a knife in such a way that it covers 
the subjacent circle.  This technique allows the surface of the medium 
to be identical in both cultures.  As cover-glasses are often of varied 
alkalinity,  mica is substituted  for glass,  or both  cultures  are  made 
on  the  same long  cover-glass,  in  order  that  the  conditions may be 
identical.  Immediately  after  the  fragments  of tissue are imbedded 
in the medium, a hollow slide covered with a little vaseline is inverted 
over the cover-glasses.  Care is taken .that the capacity of the hollow 
slides is identical in both cultures.  If one is larger,  the evaporation 
of the medium is greater and its concentration increases.  It is well 
known that a change in the concentration of the medium will modify 
the extent of the growth.  In order to eliminate completely this cause 
of error, both cultures may be made on the same cover-glass and invert- 
ed  over  an  oblong  hollow  slide.  The  cultures  are  then  sealed at 
the  same  time,  and  placed  in  the  incubator  simultaneously  and 
close together,  in order that  they may not be subjected to.different 
temperatures.  They are allowed to grow for 48 hours. 
II.  Measurement. 
The  only means of measuring  the growth of a  fragment  of tissue 
accurately would be to measure the increase of its weight.  Amounts 
of tissue large enough to be weighed can be easily cultivated in vitro, 
but as the cells cannot be separated from the fibrin of  the medium, 
it  is impossible  to  use  this  method.  The  enumeration  of  the  cells 
contained  in  the  medium  would  allow an  accurate measurement  of 
the increase in number, but connective tissue cells grow in the shape 
of a tissue, and it is impossible to count them.  Therefore, the increase 
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ods.  The only practical way was to estimate the increase in mass 
by the increase in area,  the thickness being kept constant.  When 
proper care is taken, the thickness of the new tissue does not vary 
and can, therefore, be disregarded.  The measurement of the areas 
of new tissue can be made by two different techniques, either by meas- 
uring the width of the ring of fibroblasts surrounding the  original 
fragment, or by measuring the area of the new growth.  The dense 
growth of fibroblasts which surrounds a  fragment of the old strain 
of connective tissue after 48 hours is neatly outlined on its outer and 
inner border.  However, when the growth is very active,  the inner 
border, that is the edge of the primitive fragment, becomes indistinct. 
Generally the side which corresponds in each piece of tissue to the 
central part of the fragment from which it was derived can be seen 
distinctly, because it is thicker and darker.  It sometimes happens 
that the growth of the side corresponding to the central part of the 
mother fragment grows less actively than the three peripheral sides 
Only the width of the growth of symmetrical sides should be compared 
in both pieces.  The measurements are made with all ocular micro- 
meter.  According to the activity of the tissue and the culture medium 
the width of the ring of new tissue varies between 0.5 and 8.00.  The, 
old strain, when it is in active condition, produces in 48 hours a ring 
7 or 8 divisions in width; that is, about 1.4 or 1.6 mm.  This measure- 
ment does not take into account the increase in size of the original 
fragment which always occurs when embryonic heart is used.  Again, 
it does not give precise results when, in a very active strain of connec- 
tive tissue, the limit of new growth and the original fragment after 
48  hours  have  become indistinct.  In  the  case  of  the  old  strain, 
growing at a moderate rate, when the edges of the old plasma remain 
clear, this method has a  sufficient amount of accuracy and the great 
advantage of being very simple and rapid. 
The  measurement of  the  surface  of  the  new growth gives more 
precise results,  but must be made by a  more elaborate  technique. 
As soon as the cultures are completed, before the beginning of the 
growth, the tissues are examined.  This shows whether the fragments 
are still  the same size and thickness, whether the edges have been 
cut neatly, whether no fibrin remains around the tissue, whether there 
is no folding of the edges of the old plasma, and whether the coagula- 237 
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tion of the new medium has taken place in the proper way.  If both 
cultures are not identical in all of these details, they should be rejected. 
If they are found satisfactory, they are placed in a projecting appara- 
tus and  the outline of the fragment is  traced  on a  sheet of paper 
(Text-fig.  1).  Care  should be  taken to prevent  the  cultures from 
being overheated while under the projecting apparatus, and to keep 
a  b 
"I~xT-FXG. 1. Experiment 18539; Passage 1657.  Areas of  two  fragments, 
derived from the same culture, ! hour after transfer into fresh medium. Area 
a -- 4.5 sq. cm.  Area  b -- 4.! sq. cm.  Reduced  about one-thUd off. 
a 
ALBERT  H.  F-BELING 
T~xT-Fxo. 2. Experiment 18539; Passage 1657.  Area  of  the  two fragments 
shown in Text-fig. 1, 48 hours later.  Area a -  56.25 sq. cm.  Area  b ~ 49.4 
sq. cm.  The relative increase of Area a  is  ll.5 and of Area b  11.2, and the 
difference  is 2 per cent.  Reduced  about one-third off. 
each  one  outside  of  the incubator  about  the  same  length  of time. 
There is no ditSculty either with fresh tissue or with the old strain 
in making these first drawings.  The second drawing is made after 
48 hours  (Text-fig.  2).  The original  fragment is again traced and 
also  the outline of the new growth.  When the old strain is used, 
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fragment,  althoush  the cut edges of the old Flasma may be covered 
by  so many  ceiis  that  they  tinre  7::~ecome i~  ;tinct.  This  always 
happens when heart  tissue fro:r,  a  <cry young embryo is cultivated. 
The outer edge of the dense -~:bt,; o!" 2ibroblasts can easily be traced. 
The  scattered  ceil  which m~5/be  bested  beyond d~e  Iimlts  of  the 
dense  growth  should  be  dis:e~:arded.  If  the  thickness  of  the  new 
tissue is irregular,  or if the oute" ed;;e is irregular  and indistinct,  the 
culture should be rejected. 
Afterwards,  tb.e  area  of the  o~i.~inal fragment  and  the  total  area 
after  48  hours  are  measured  with  the  planimeter  and  expressed in 
square  centimeters.  The  total  area  :~qnus  the  area  of  the  original 
fragment  represents  the  absolute  b~crease  of  the  fragment  This 
area divided by the area of the.prb-:kive fragment is  the relative in- 
crease of the fra~ent.  The relat:i,:e  increase of the  larger  fra~ent 
divided  by  the  relative  increase  of the  smaller  fragrnent  expresses 
the differerme in  growth. 
IH.  Results Obtained with Two Fra~gments of the 9  Year Old Strain of 
Co~rtec,',~be "'"  I  ~sgNe. 
Two series of thirty-two experi~:ents were made, the results of which 
are shown in Tables I  and II.  Table t  is composed of experiments 
made  with  a  technique  previously  described,  3 in  which  no  special 
care was taken in the selection of the fragments of tissues.  Yn seven- 
teen experiments, the differences between the growth of the two frag- 
ments are less than  10 per cent.  In nine,  it varies between 10 and 
20 per cent; in four, between 20 and 30 per cent, and in the last two, 
the difference in one is 33 per cent and in tile other 5! per cent. 
The  results  of  the  thirty-two  e=pe::iments contained in  Table  II 
show  the  value  of  the  improved  technique.  !n twenty-five experi- 
ments,  the difference in growth is less than  6  per cent;  in  seven, it 
varies between 6  and  7 per  cent. 
These results mean that this technique can be used profitable when 
the factors acting  on the rate  of growth are supposed to increase it 
by more than  10 per cent. 
3  Ebeling, A. H., J. Exp. Med., 1919, xxx, 531-534. TABLE  I. 
No. of 
experio 
merit. 
9 
10 
11 
12 
13 
14 
15 
16 
Difference, 
0.0 
0.09 
0.12 
0.12 
0.08 
O. 10 
0.26 
0.04 
0.04 
0.09 
0.51 
0.07 
0.20 
0.33 
0.15 
0.28 
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No. of  Passage  Surface  Surface 
experi-  Culture No.  Dat :.  No.; old  area of  area of 
ment.  strain,  fragment,  growth. 
lgZ  ~  sq.  era.  sq.  ~ra. 
17  17200-1  July  26  1591  4.0  49.7 
17200-2  3.5  55.6 
Relative  Ratio.  Difference 
]ncresse. 
12.42  1.19  0.19 
14.88 
18  17201-1  "  26  1591  3.5  55.6 
17201-2  3.9  58.7 
14.88  1.06  0.06 
14.05 
19  17202-1  "  26  1589  3.1  66.3 
17202-2  3.5  64.7 
21.38  1.15  0.15 
18.48 
20  17203-1  "  26  1589  4.7  63.8 
17203-2  5.2  72.1 
13.57  1.02  0.02 
13.86 
21  17207-1  "  26  1589  5.5  75.3 
17207-2  6.3  72.7 
13.67  1.19  0.19 
11.54 
22  17580-1  Sept. 13  1613  6.6 
17580-2  4.5 
23  17586-1  "  13  1613  5.4 
17586-2  5.4 
92.2  13.9  1.25  0.25 
78.8  17.4 
67.9  [  12.5  1.05  0.05 
m 
64.2  11.9 
24  17589-1  "  13  1613  4.7 
17589-2  5.2 
78.9 
76.7 
16.7 
14.7 
1.13  0.13 
25  17591-1  "  13  1613  4.5 
17591-2  5.3 
42.1 
50.4 
9.3 
9.5 
1.02  0.02 
26  17592-1  "  13  1613  5.5 
17592-2  5.8 
81.8 
83.6 
14.8 
14.4 
1.02  0.02 
27  18120-1  Nov.  8  1643  2.5 
18120-2  2.6 
42.5 
40.8 
17.0 
15.7 
1.08  0.08 
28  18121-I  "  8  1643  4.5 
18121-2  4.6 
52.0 
51.9 
11.6 
11.3 
1.01  0.01 
29  18122-1  "  8  1643  3.0 
18122-2  3.2 
43.0 
44.2 
16.3 
13.8 
1.18  0.18 
30  18282-1  "  20  1648  4.9 
18282-2  5.0 
59.1 
62.6 
12.1 
12.5 
1.03  0.03 
31  18285-1  "  20  1468  6.9 
18285-2  6.1 
52.1 
49.9 
7.55  1.09 
8.3 
0.09 
32  18289-1  "  20  1648  6.4 
18289-2  7.0 
64.6 
70.0 
10.1 
10.0 
1.0  0.09 
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NO. of 
experi-  Culture  No.  Date. 
ment. 
1920 
1  18334-1  Nov. 24  1650 
18334-2 
2  18337-1  "  24  1648 
18337-2 
3  18340-1  "  24  1650 
18340-2 
4  18415-1  "  29  1653 
18416-2 
5  18417-1  "  29  1653 
18417-2 
6  18419-1  "  29  1653 
18419-2 
7  18449-1  Dec.  1  1654 
18449-2 
8  18462-1  "  1  1654 
18462-2 
9  18463-1  "  1  1654 
18463-2 
10  18516-1  "  4  1654 
18516-2 
11  18518-1  "  4  1655 
18518-2 
12  18522-1  "  4  1656 
18522-2 
13  18534-1  "  6  1657 
18534-2 
14  18535-1  "  6  1657 
18535-2 
15  18539-1  "  6  1657 
18539-2 
i 
16  18575-1  "  8  1658 
18575-2 
Passage  Surface  Surface  Relative  Ratio.  Difference.  No.;  area of  area of  increase. 
old strain,  fragment,  growth. 
sq.  cm.  ,~g. cm. 
4.2  50.3  12.0  1.06  0.06 
3.0  38.3  12.73 
4.4  56.2  12.8  1.0  0.0 
4.3  55.2  12.9 
6.2  47.6  7.7  1.07  0.07 
5.4  44.9  8.3 
3.5  49.9  14.2  1.05  0.05 
3.7  48.6  13.5 
4.0  66.9  15.7  1.05  0.05 
4.0  68.2  16.0 
2.0  30.3  15,5  1.06  0.06 
2.2  36.4  16.5 
3.0  60.0  20.0  1.04  0.04 
3.2  69.9  20.84 
2.8  30.24  10.8  1.02  0.02 
3.0  33.1  11.0 
3.3  50.2  15.5  1,02  0.02 
3.9  61.6  15.8 
3.9  49.7  12.74  1.02  0.02 
2.9  37.7  13.0 
3.7  43.3  11.7  1.05  0.05 
3.9  44.8  11.43 
4.1  53.2  12.97  1.07  0.07 
4.1  57.3  13.97 
1.8  34.6  19.2  1.02  0.02 
1.7  33.3  19.6 
3.7  39.3  10.5  1.03  0.03 
3.8  42.1  10.01 
4.5  51.75  11.5  1.02  0.02 
4.1  45.3  11.2 
2.3  40.7  17.7  1.0  0.0 
2.5  44.1  17.64 
241 TABLE  II--Conduded. 
No. of  Passage  Surface  Surface 
expefi-  ] Cdture No.  Date.  No.;  area of  area of  Relative 
meat.  old strain,  fragment,  growth,  increase. 
19gO  ~.  cm.  sq.  cm. 
17  18579-1  Dec.  8  1658  5.0  60.1  12.0 
18579-2  5.0  61.2  12.2 
~atio.  Difference. 
1.01  0.01 
18  18580-1  "  8  1658  4.3  50.7 
18580-2  4.2  49.2 
11.66  1.0 
11.66 
0.0 
19  18621-1  "  11  1659  5.2  63.6 
18621-2  5.3  65.5 
12.21  1.02 
12.17 
0.02 
20  18625-1  "  11  1660  3,5  73.0 
18625-2  4.2  77.1 
20.85  1.01 
21.0 
0.01 
21  18628-1  "  11  1660  4.7  64.0 
18628-2  5.0  71.5 
14.01  1.01 
14.3 
0.01 
22  18768-1  "  20  1664  5.1  67.8 
18768-2  5.0  70.1 
13.3  1.06 
14.02 
0.06 
23  18773-1  "  20  1665  4.7  68.3 
18773-2  4.9  67.7 
14.47  1.05 
13.69 
0.05 
24  18777-1  "  20  1667  5.1  77.6 
18777-2  5.0  86.4 
16.1  1.07 
17.28 
0.07 
25  18904-1  "  26  1668  2.5  42.8 
18904-2  2.5  40.8 
17.12  1.05 
16.32 
0.05 
26  18908-1  "  26  1667  4.6  76.8 
18908-2  4.7  73.4 
16.68  1.0 
16.68 
0.0 
27  18909-1  "  26  1667  3.7  68.8 
18909-2  5.0  88.1 
19gl 
28  19015-1  Jan.  1  1669  4.4  25.0 
19015-2  4.1  23.8 
18.52  1.04 
17.62 
5.68  1.02 
5.8 
0.04 
0.02 
29  19024-1  "  1  1670  3.3  62.2 
19024-2  3.2  62.7 
18.88  1.03 
19.6 
0.03 
30  19309-1  "  24  1682  3.5  16.06 
19309-2  4.6  20.5 
3.59  1.03 
3.47 
0.03 
31  19320-1  "  25  1682  3.7  30.7 
19320-2  4.6  36.5 
8.56  1.07 
7.96 
0.07 
32  19495-I  Feb.  7  1683  3.7  32.1 
19495-2  4.4  38.1 
8.67  1.0 
8.65 
0.0 
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CONCLUSIONS. 
1.  A  technique has  been  developed by  which  two  fragments of 
tissue,  put in identical media,  can  grow at  almost the  same rate. 
2.  A method of measuring the growing tissue is described. 
3.  The differences observed in the rate of growth of two fragments 
of the 9  year old strain of connective tissue, cultivated in identical 
media and measured according to  this technique,  are  less  than  10 
per cent. 